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ABSTRACT
In the genus Thomomys, external phenotypic differences account for much of the variation
among currently named species. Allozyme and mitochondrial studies of the Mexican species,
T. umbrinus, have shown strong discordance between genetically defined clades and current
species taxonomy. In this study, I analyzed mitochondrial and nuclear DNA sequences,
chomosomes, and morphological characters, and used ecological niche modeling to investigate
the phylogenetic status of a phenotypically divergent subspecies of T. umbrinus, T. u.
atrovarius. Although quantitative morphometrics provided little discrimination among groups
within T. umbrinus, the molecular data indicated that there are three allopatric clades. The
Pacific coastal clade (T. u. atrovarius) is diagnosable based on multiple characters, including
nuclear genotype, habitat preference, and qualitative morphological characters. Accordingly, I
resurrect Allen’s (1898) species Thomomys atrovarius to represent members of this clade,
which occurs in the Pacific coastal region of western Mexico.
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INTRODUCTION
The southern pocket gopher (Thomomys umbrinus) is distributed from southern Arizona
to the Trans-Mexican Volcanic Belt (TMVB) of central Mexico (Fig. 1). Pocket gophers are
solitary, herbivorous, fossorial rodents restricted to areas with deep, friable soils that rarely, if
ever, flood (Chase et al. 1982; Patton, 1990). This extreme niche specialization often results in
a patchy distribution of pocket gopher populations, each with an effective population size that is
usually small relative to those of most other rodents (Patton et al. 1981). The low vagility of
pocket gophers further contributes to population subdivision by limiting dispersal between
neighboring populations (Patton and Smith, 1990). Whereas populations of pocket gophers
surrounded by areas of favorable habitat may show low to moderate levels of genetic exchange,
those surrounded by inhospitable habitat show almost none. Ultimately, these ecological
circumstances set the evolutionary stage upon which geologic, climatic, and vegetational
dynamics can forge independent evolutionary trajectories for pocket gopher populations through
interactions of natural selection, genetic drift, and frequent genetic bottlenecks.
Species of Thomomys show a high degree of geographic variation in morphology,
especially in terms of overall body size and external coloration (Nowak 1999). Although some
30 subspecies of T. umbrinus are now recognized (Patton 2005), validity of these taxa has been
challenged recently by discovery that pocket gophers are among the most morphologically
plastic mammals in the world (Lessa and Thaeler 1989; Patton and Brylski, 1987; Smith and
Patton, 1988). Clearly, past taxonomic judgments based solely or predominantly on body size
and external coloration require validation by examination of less labile traits that more reflect
underlying evolutionary relationships (Hafner et al. 2008).
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Figure 1. Approximate geographic distribution of the genus Thomomys in
Mexico. Populations of pocket gophers are patchily distributed within the
areas indicated. The Pacific coast group of T. umbrinus (arrow), which
inhabits the western versant of the Sierra Madre Occidental, is the focus of
this study.
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Whereas most subspecies of T. umbrinus are brown dorsally and off-white ventrally, T.
u. atrovarius (J. A. Allen, 1898) of coastal Sinaloa and Nayarit (Fig. 1), is exceptional in having
dull black pelage both dorsally and ventrally. This coloration differs from that of melanistic
individuals (which occur infrequently in T. umbrinus; M. S. Hafner, pers. obs.) in that many
individuals of T. u. atrovarius have a brownish wash dorsally and laterally and a grayish wash
ventrally (melanistic individuals are totally black). In addition to pelage color, pelage density in
T. u. atrovarius differs strikingly from that of all other subspecies of T. umbrinus in being
unusually sparse, often so much so that skin is clearly visible beneath the fur. This degree of
pelage sparseness is seen in no other species of Thomomys and is found elsewhere in
Geomyidae in populations of the genera Orthogeomys and Pappogeomys.
Distinctive morphology of T. u. atrovarius attracted more attention from biologists when
it was discovered that its exceptional degree of morphological divergence was accompanied by
a high degree of genetic divergence based on a multilocus investigation of allozymes (Hafner et
al. 1987). Hafner and his colleagues suggested that T. u. atrovarius may be the outgroup to all
other extant T. umbrinus, and it may, in fact, warrant recognition as a species distinct from T.
umbrinus.
This study is designed to determine evolutionary relationships of T. u. atrovarius within
the widespread T. umbrinus clade. Interest in this question prompted fieldwork in May of 2007
to collect key specimens of Thomomys in Mexican states of Sonora, Sinaloa, and Nayarit.
Herein, the specimens collected on that trip plus others representing T. umbrinus and the sister
species, T. bottae, are the focus of morphological, chromosomal, and molecular investigations
to determine phylogenetic relationships among the pocket gophers of Thomomys.
TAXONOMIC HISTORY OF T. U. ATROVARIUS.—The morphological distinctiveness of
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pocket gophers collected from Pacific coasts of Sinaloa and Nayarit in the late 1800s caused J.
A. Allen (1898) to recognize these animals as a distinct species, T. atrovarius. Allen’s
description was based on three adult specimens collected near Rosario, Sinaloa, whose pelage
he described as “[a]bove plumbeous, slightly tinged with brown through a slight brownish
tipping of the hairs; below plumbeous, the hairs very slightly grayish tipped” (Allen 1896:148).
Allen commented that T. atrovarius most closely resembled T. orizabae Merriam (now T. u.
orizabae), another dark pocket gopher from the eastern end of the TMVB.
In 1915, a systematic revision of Thomomys by Bailey placed T. atrovarius as a member
species of Bailey’s “T. umbrinus group” along with T. u. umbrinus, T. u. orizabae, T. u.
peregrinus, T. nelsoni, T. sheldoni, T. goldmani, and T. perditus (Bailey 1915:89). Nineteen
years later, Nelson and Goldman (1934) undertook another revision of Thomomys, this time
placing T. atrovarius in synonymy under T. umbrinus without comment. In the same
publication, Nelson and Goldman (1934) recognized one new species and three new subspecies
of Thomomys from extreme western Mexico, including T. simulus from southern Sonora and
western Durango, T. u. eximius from northern Sinaloa, T. u. musculus from southern Sinaloa
and northern Nayarit, and T. u. extimus from southern Nayarit. Three new subspecies of T.
umbrinus and a sub species of T. simulus were described as small, dark-colored animals, and
three of the four (the exception being T. u. eximius) either had coloration or sparse pelage “as in
T. u. atrovarius” (Nelson and Goldman 1934:119).
Dunnigan (1967) reviewed pocket gophers of Sinaloa and recognized only three
subspecies of T. umbrinus within the state: T. u. atrovarius, T. u. eximius, and T. u. musculus.
Dunnigan placed Nelson and Goldman’s (1934) T. simulus parviceps in synonymy under T. u.
musculus and emphasized morphological similarity among all T. umbrinus specimens from
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coastal western Mexico (as had Nelson and Goldman 1934). Dunnigan described a clinal pattern
in external morphology ranging from small, dark animals with moderately dense pelage in the
north (T. u. eximius), through small, dark animals with somewhat shorter pelage in central and
southern Sinaloa (T. u. musculus), to larger, darker animals with coarse, sparse pelage in
southern Sinaloa and Nayarit (T. u. atrovarius).
In his study of Sinaloan pocket gophers, Dunnigan (1967) made the prescient
observation that animals of the coastal lowland, where soils are deep, rich, and densely
vegetated, tend to be larger in body size than animals of the Sierra Madre foothills, where soils
are thin, rocky, and often only sparsely vegetated. The link between body size, soil type, and
food availability in pocket gophers was not fully understood until two decades later (Patton and
Brylski 1987). Dunnigan (1967) used this observation to explain body size differences between
small, foothill-dwelling subspecies of T. umbrinus (T. u. eximius and T. u. musculus) and larger,
lowland populations of T. atrovarius in Sinaloa. It is now well established that a large
component of body size in pocket gophers is environmentally induced, making body size of
dubious value as a taxonomic character.
CHROMOSOMAL VARIATION WITHIN T. UMBRINUS.—T. umbrinus is one of four species in
the Thomomys subgenus Megascapheus. Chromosomal differences between Megascapheus
populations (especially differences in diploid number) often signal reproductive incompatibility
between the populations (Hafner et al. 1983; Patton, 1973). However, degree of chromosomal
differentiation between populations tends not to reflect their level of genetic differentiation
(Hafner et al. 1987; Patton 1981; Patton and Yang 1977). Thus, degree of genetic divergence
and species status appear to be decoupled in pocket gophers, which makes them unusual among
mammals (Baker and Bradley 2006).

5

Figure 2. Diploid number variation in Thomomys umbrinus. Dashed line
shows the approximate boundary between the two diploid numbers. There
is considerable geographic variation in fundamental number within each of
the two diploid numbers (Hafner et al. 1987).
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Although there is widespread variation in fundamental number (FN; number of
autosomal arms) within T. umbrinus (Hafner et al. 1987), only two diploid numbers are known
for the species: 2n = 78 and 2n = 76 (Fig. 2). Populations with 2n = 78 inhabit both desert and
forest habitats from Arizona to the TMVB, whereas those with 2n = 76 are restricted to the
forested regions of the Sierra Madre Occidental or the coastal lowlands of Sinaloa and Nayarit.
Because of gaps in geographic distribution of populations sharing a diploid number, it is not
known if all populations with a common diploid number (but often different FN) are
reproductively interfertile. If so, then two diploid numbers may define two monophyletic
groups within T. umbrinus. Northern populations of the 2n = 78 form generally have higher
numbers of acrocentric autosomes (low FN), whereas those to the south generally have lower
numbers (high FN; Hafner et al. 1987). Microchromosomes also are present in northern
populations of the 2n = 78 form and are absent in the southern 2n = 78 populations and all other
populations of T. umbrinus and T. bottae karyotyped to date. Most populations of the 2n = 76
form of T. umbrinus lack acrocentric autosomes, although one population in the Sierra Madre
Occidental (El Vergel, Chihuahua) has 15 pairs of acrocentric autosomes and one population in
the Pacific coastal lowlands (Siqueros, Sinaloa) has nine acrocentric pairs (Hafner et al. 1987).
GENETIC VARIATION WITHIN T. UMBRINUS.—The most comprehensive investigation of T.
umbrinus to date was by Hafner and his colleagues (1987). This study examined chromosome
and allozyme variation in 461 individuals representing 26 populations of T. umbrinus and found
five major genetic groups within the species (Fig. 3). On average, these five groups showed
approximately 20% genetic divergence. These genetic differences, coupled with diploid
number differences among groups caused Hafner et al. (1987) to speculate that T. umbrinus is
actually a composite of at least three biological species, one with a diploid number of 78
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Figure 3. Five genetic groups within T. umbrinus from Hafner et al.
(1987) based on analysis of 23 allozyme loci. A) Central Plateau group;
B) Northern Desert group; C) Southern Sierra Madre group; D) Northern
Sierra Madre group; and E) Pacific Coast group (the focus of this study).
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(Northern Desert and Central Plateau in Fig. 3), another with a diploid number of 76 (Northern
Sierra Madre and Southern Sierra Madre), and a coastal lowland population (Coastal Lowlands)
also with a diploid number of 76. Phylogenetic relationships among these three putative species
were unresolved in the Hafner et al. 1987 study, but genetic distance data were used to suggest
that the coastal lowland population (2n = 76) was outgroup to a clade composed of Sierra
Madre (2n = 76) and Central Plateau (2n = 78) groups (Fig. 4A).

Figure 4. Trees comparing Hafner et al. (1987) with Smith (1997). Phylogenetic
relationships among the three major groups of T. umbrinus based on analyses of A)
allozymes (Hafner et al. 1987) and B) mtDNA (Smith 1997). Letters in parentheses
refer to genetic groups mapped in Figure 3.
Smith (1997) investigated relationships within the genus Thomomys using the
mitochondrial (mtDNA) cytochrome b gene (Cytb). Although her paper focused on
relationships within the entire genus, not just T. umbrinus, Smith (1997) corroborated Hafner et
al.’s (1987) allozyme findings showing genetic distinctiveness of 2n = 78, 2n = 76, and Coastal
Lowlands clades of T. umbrinus (Fig. 3). However, both Smith’s (1997) and Hafner et al.’s
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(1987) studies were weakened by inclusion of only a single sample from the Coastal Lowlands
clade (one specimen of T. u. atrovarius from near Siqueros, Sinaloa), and neither study could
place T. u. atrovarius within the T. umbrinus phylogeny with confidence. Smith’s study
confirmed Hafner et al.’s finding that the Sierra Madre (2n = 76) group was not sister to the
Coastal Lowlands (2n = 76) group, but Smith’s analysis placed the Sierra Madre clade (2n = 76)
as the outgroup to the Coastal Lowlands clade (2n = 76) and the Cental Plateau (2n = 78) clade
(Fig. 4B). Again, neither study showed strong support for the differing phylogenies, so in this
investigation I will once again address the taxonomic status of the Coastal Lowlands clade of T.
umbrinus, but this time with the benefit of a larger sample of specimens from throughout the
range of the coastal form.
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MATERIALS AND METHODS
SAMPLING, AMPLIFICATION, AND SEQUENCING.—Fifteen individuals of the Thomomys
subgenus Megascapheus were included in molecular analyses (Fig. 5; Appendix I). Vouchers
were prepared as either skin-plus-skeleton or skin-plus-skull specimens and deposited in either
the Louisiana State University Museum of Natural Science or the University of California,
Berkeley Museum of Vertebrate Zoology. Seven specimens represent the focal group (T. u.
atrovarius) from the Pacific coast of Mexico, two individuals represent the Sierra Madre (2n =
76) group, and two represent the Central Plateau (2n = 78) group (Fig. 4). Four individuals of
T. bottae were included in the analysis, and one specimen of Orthogeomys hispidus was
designated as the outgroup.
DNA sequences were obtained from three nuclear autosomal genes: Intron 7 of β
Fibrinogen (βfib; 521 base pairs [bp]), Recombination Activating Protein 1 (Rag1; 552 bp), and
Mast Cell Growth Factor (MGF; 751 bp). Sequences also were obtained from mitochondrial
genes Cytb (1,140 bp) and 12S rRNA (12S; 412 bp). DNA was extracted from approximately
25 mg of liver or kidney tissue using the DNeasy tissue kit (QIAGEN, Germantown, Maryland).
DNA from each animal in this study was amplified for five genes using primers listed in
Appendix II and the following PCR conditions in a 25 μl reaction volume: 1 μl (50 ng) template
DNA, 1 μl of 10 mM dNTPs (2.5 mM each of dATP, dCTP, dGTP, dTTP), 1 μl of each primer
(10 μM) (Appendix II), 1-2.5 μl MgCl (10 mM), 2.5 μl buffer without MgCl2, 0.1 μl Taq
(Amplitaq Gold DNA polymerase, Applied Biosystems, Inc., Carlsbad, California), and 14.917.4 μl sterile dH20. The thermal profile consisted of 95°C for 2 min, followed by 35 cycles of
the following: denaturation at 95°C for 30 s, annealing at a primer-specific temperature
(Appendix II) for 30 s, 1-2 min extension at 72°C, and final primer extension at 72°C for 5 min.
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Reaction products where visualized on a 1.5% sodium borate agarose gel stained with ethidium
bromide or Syber Green (Zipper et al. 2004). Positive amplicons where then purified with a
20% polyethylene glycol clean-up solution.
Both DNA stands where sequenced from clean reaction products using 1.5 μl of 5X
sequencing buffer (Applied Biosystems, Inc.), 1 μl of 10 μM primer, 3 μl template, 0.5 μl Big
Dye Terminator cycle-sequencing kit 3.1 (Applied Biosystems, Inc.), and 1.5 μl of sterile dH20.
Cycle sequencing conditions consisted of 95°C for 5 min, followed by 40 cycles of the
following: denaturation at 95°C for 30 s, annealing at 50°C for 10 s, and annealing at 60°C for 4
m. Cycle sequencing product was cleaned using Sephadex G-50 columns (Sigma-Aldrich
Corp., St. Louis, Missouri). Amplicons were separated and visualized on an Applied
Biosystems, Inc. 3100 Genetic Analyzer. Sequences were aligned visually, and gaps were
coded as a fifth character state or as missing data. The four-gamete test was used in the
computer program DnaSP (Rozas et al. 2009) was used to test for recombination in the nuclear
genes analyzed.
PHYLOGENETIC ANALYSES.—Phylogenetic analyses were conducted using maximum
parsimony (MP), maximum likelihood (ML), and Bayesian inference (BI) approaches. The MP
analysis used PAUP* v4.0b10 (Swofford 2002), and all characters were weighted equally and
treated as unordered in the analysis. Heuristic searches were conducted with 1,000 replicates of
random, stepwise addition of taxa and tree-bisection-reconnection (TBR) branch swapping.
Clade support was assessed using the nonparametric bootstrap (Felsenstein 1985) with 1,000
pseudoreplicate datasets, each with TBR branch swapping. ML analyses were performed using
PAUP*, and BI analyses were performed using MrBayes 3.1.2 (Ronquist and Huelsenbeck
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2003). For each of these model-based analyses, I first evaluated the fit of 56 models of
nucleotide substitution for each gene separately and in combination using the Akaike

Figure 5. Numbered collecting localities of T. bottae (localities 1 – 4) and
T. umbrinus (localities 5 – 15). Each locality was included in the molecular and
chromosomal analyses. Full locality information is provided in Appendix I.
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Information Criterion (AIC) as implemented in Modeltest 3.6 (Posada and Crandall 1998; Table
1). Full heuristic ML and bootstrap searches (1,000 pseudoreplicates) were then conducted
using the optimal model.

Table 1. Summary of model parameters used in all phylogenetic analyses as determined by
the Akaike information criterion (AIC) as implemented in Modeltest 3.8 (Posada and
Crandall 1998). Order of base frequencies is A, C, G, T. Order of rate matrix is A to C, A to
G, A to T, C to G, C to T, and G to T

Gene

Model

Base Frequencies

Rate matrix

12S

GTR + G

0.3109, 0.2436, 0.1577, 0.2878

1.1684, 2.837, 1.1238, 0.5474, 6.5846, 1.0

Cytb

GTR + G

0.3109, 0.2436, 0.1577, 0.2878

1.1684, 2.837, 1.1238, 0.5474, 6.5846, 1.0

Rag 1

K81 uf

0.1824, 0.2415, 0.2813, 0.2948

1.0, 6.2864, 0.00, 0.00, 6.2864, 1.0

Bfib

K81 uf

0.2763, 0.2396, 0.1966, 0.2874

1.0, 3.6507, 0.3123, 0.3123, 3.6507, 1.0

MGF

HKY

0.3092, 0.1688, 0.1767, 0.3453

Ti/Tv ratio= 1.1715

BI analyses were partitioned by gene, and model parameters were treated as unknown
variables with uniform priors. Analyses were initiated with random starting trees, run for
2,000,000 generations with four incrementally heated chains (Metropolis-coupled Markov chain
Monte Carlo; Huelsenbeck and Ronquist, 2001) and sampled every 100 generations. Trees
generated before stationarity of log-likelihood scores was reached were discarded. Clade
support was assessed using Bayesian posterior probabilities.
CHROMOSOMAL ANALYSIS.—All individuals sequenced for this study also were karyotyped
in the field, except for the specimen of T. umbrinus from Valle Moctezuma, Chihuahua (MVZ
150584). Hafner and Sandquist’s (1989) field protocol was used to prepare karyotypes for
analysis. This procedure uses bone marrow from recently deceased individuals (within 2 hrs
14

postmortem) to obtain metaphase chromosomal spreads. The femur of the animal is removed
and the bone marrow flushed with a solution of growth medium into a 15 ml polypropylene
centrifuge tube. A mitotic inhibitor (0.01% vinblastine sulfate) is added to the tube, and this
solution is incubated at approximately 37ºC (in the waistband, next to the investigator’s body)
for 90 min to allow for proliferation of white blood cells. The cells are then suspended in a
hypotonic solution (0.075 M potassium chloride) and incubated at 37ºC for an additional 15 min
to expand the cells. The cells are then fixed in Carnoy’s fixative, placed onto microscope
slides, and stained with Giemsa blood stain. Metaphase chromosome spreads are examined
with a light microscope, and a minimum of 20 spreads is counted for each individual to
determine its diploid and fundamental numbers.
MORPHOMETRIC ANALYSIS.—Thirteen cranial characters were measured to the nearest 0.1
mm on each of 88 pocket gopher specimens (Appendix I) using hand-held digital calipers.
Because sexual dimorphism is often extreme in pocket gophers (Hafner et al. 2004; Patton and
Smith 1990; Smith and Patton 1988), only adult females were used in this analysis. Adulthood
was signaled by fusion of the exoccipital-supraoccipital and basioccipital-basispheniod sutures
(Daly and Patton 1986; Hafner et al. 2008). The sample included 25 specimens of T. umbrinus
from the Pacific coast of Mexico (Coastal Lowland clade; Fig. 3), 23 T. umbrinus 2n= 76, 23 T.
umbrinus 2n= 78 specimens from other parts of Mexico, and 16 specimens of T. bottae.
Characters measured were occipital-nasal length (ONL), occipital-incisor length (OIL), nasal
length (NL), rostral width (RW), width of interorbital constriction (IOC), zygomatic breadth
(ZB), cranial width (CW), mastoid breadth (MB), diastema length (DIA), length of maxillary
tooth row (MTR), breadth of mandible (BM), auditory meatus width (AMW) and mandible
length (ML). This set of characters has proved informative in previous morphometric studies of
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pocket gophers (Hafner et al. 2004; Patton and Smith 1990; Smith and Patton 1988). Univariate
and multivariate statistics were performed using JMP software (JMP, Version 7). Principal
components analysis of a correlation matrix and discriminant function analysis were preformed
on log-transformed data to investigate morphological variation within T. umbrinus. Character
distribution was checked before and after transformation with a normality test.
BIOCLIMATE MODELING.—Bioclimatic data were used to examine climatic and vegetational
variation throughout the distribution of Thomomys in Mexico. Groups were defined based on
the clades found in this study. For the bioclimatic analysis, 11 temperature (°C) and eight
precipitation (mm) variables were downloaded from WORLDCLIM version 1.4 (Hijmans et al.
2005a): 1) annual mean temperature; 2) mean monthly temperature range; 3) isothermality
(variable 2 divided by variable 7); 4) temperature seasonality (coefficient of variation [CV] of
monthly means); 5) maximum temperature of warmest month; 6) minimum temperature of
coldest month; 7) annual temperature range; 8) mean temperature of wettest quarter (3
consecutive months); 9) mean temperature of driest quarter; 10) mean temperature of warmest
quarter; 11) mean temperature of coldest quarter; 12) annual precipitation; 13) precipitation of
wettest month; 14) precipitation of driest month; 15) precipitation seasonality (CV of monthly
means); 16) precipitation of wettest quarter; 17) precipitation of driest quarter; 18) precipitation
of warmest quarter; and 19) precipitation of coldest quarter. These 19 variables were extracted
for each of the 41 collecting localities from which specimens were obtained for this study using
DIVA-GIS, version 5.2 (Hijmans et al. 2005b). The program DOMAIN (Hijmans et al. 2005b)
was used to predict the suitability of unsampled areas. The predicted distributions were
compared visually to the currently known distributions of T. bottae and T. umbrinus (Hall 1981)
and to the habitat types for this region of Mexico as defined by Olsen et al. (2001). Variables
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were analyzed across collecting localities by principal-component analysis to determine which
variables and combination of variables best defines the habitats of pocket gophers for each of
the predefined group.
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RESULTS
CHOMOSOMAL ANALYSIS.—General poor quality of karyotypes combined with high
chromosomal number and subtle differences between acrocentric and subtelocentric elements
prevented exact determination of 2n and FN for specimens of the Pacific Coast group. All
karyotypes included a proportion of acrocentric elements similar to that described for T. u.
atrovarius by Hafner et al. (1987), and higher quality karyotypes appeared to have 2n = 76,
indicating that there may be little or no variation in either 2n or FN within the taxon. Continued
analysis of additional preparations may clarify the degree and extent, if any, in variation.
ANALYSIS OF MITOCHONDRIAL DNA.—Of the 1,491 bp of Cytb and 12S examined, 329
bp were potentially phylogenetically informative. Phylogenetic analyses using MP, ML, and BI
methods on the concatenated mtDNA sequence data yielded trees with only moderate basal
resolution. When nodes with < 70% bootstrap (MP, ML) or < 90% posterior probability (BI)
were collapsed, all trees based on the mtDNA data had identical topologies (Fig. 6).
Thomomys umbrinus was not depicted as monophyletic in any analyses of mtDNA
sequences (Fig. 6). Rather, T. umbrinus was subdivided into an unresolved trichotomy, with
each of three clades representing one of the genetically and chromosomally defined groups
recognized by Hafner et al. (1987; Fig. 3). The Central Plateau clade of Hafner et al. (1987) is
represented by the 2n = 78 population from the TMVB (Pátzcuaro, Michoacán) and the 2n = 78
population from the Mexican Altiplano (La Flor de Jimilco, Coahuila). Hafner et al.’s
“Northern and Southern Sierra Madre” clades are represented by the 2n = 76 populations from
Valle Moctezuma, Chihuahua and El Salto, Durango, respectively. Finally, T. umbrinus
specimens from the Pacific coast of Mexico (Hafner et al.’s Coastal Lowlands clade; Fig. 3) are
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depicted as a strongly supported clade represented by seven specimens from Sinaloa, Nayarit,
and Jalisco (shaded box in Fig. 6).
Cytb divergence values among 15 specimens of Thomomys analyzed in this study
(Appendix III) ranged from 0.004 to 0.166 (uncorrected P) and 0.004 to 0.193 (corrected by
Kimura 2-parameter method; Kimura 1980). Within-clade patristic distances (uncorrected P)
for the Cytb gene ranged from 0.060 within T. umbrinus (2n = 76) to 0.138 within T. umbrinus
(2n = 78). Within-clade patristic distances (uncorrected P) for the 12S gene ranged from 0.021
within T. umbrinus (2n = 76) to 0.52 within T. umbrinus (2n = 78; Appendix III). Betweenclade P values for Cytb ranged from a low of 0.132 between T. umbrinus (2n = 76) and the
Pacific Coast clade to a high of 0.156 between T. bottae and the T. umbrinus (2n = 78). All
divergence values measured in this study were unusually high compared to values typically
measured at the same taxonomic levels (conspecific and congeneric) in mammals (Baker and
Bradley 2006).
ANALYSIS OF NUCLEAR DNA.— The four-gamete test for recombination indicated that
Rag1 and βfib had each undergone recombination, so the datasets for these genes were reduced
to the largest independently segregating fragment (471 bp for Rag1 and 372 bp for βfib), and
these reduced datasets were used in all subsequent analyses. Phylogenetic analyses were
conducted independently on each of the three nuclear genes, and a partition homogeneity test
revealed no significant difference between tree topologies (P = 0.168). Accordingly, the three
nuclear sequences were concatenated into a 1,589-bp fragment, of which 159 bp were variable
and potentially phylogenetically informative. MP, ML, and BI analyses of combined nuclear
sequences yielded very similar trees, and when nodes receiving < 70% bootstrap support (MP
and ML) or < 90% posterior probability (BI) were collapsed, the trees were identical in
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topology (Fig. 7). Phylogenetic resolution was generally low, but the Pacific coast group of T.
umbrinus was depicted as monophyletic, with exception of the northernmost coastal population
at Concordia, Sinaloa (locality 7 in Fig. 5). In each of the individual analyses (MP, ML, and
BI), Pacific coast populations (including Concordia) were shown as monophyletic, but they are
not depicted this way in Figure 7 because of low MP and ML bootstrap support (60 and 55,
respectively) for inclusion of the Concordia sample. A sister relationship between two
populations of T. umbrinus from the Sierra Madre was strongly supported, as was a sister
relationship between T. bottae populations from El Fuerte and El Dorado, Sinaloa.
COMBINED ANALYSES.—There were no topological conflicts between trees based on
mtDNA sequences (Fig. 6) and nuclear DNA sequences (Fig. 7), so mitochondrial and nuclear
datasets were combined and analyzed using MP, ML, and BI approaches. Resulting trees
showed identical topology (Fig. 8), and for the first time T. umbrinus is depicted as
monophyletic, albeit with relatively weak MP and ML support (MP bootstrap = 76; ML = 61).
Monophyly of the Pacific coastal group is again strongly supported, as is monophyly of the
Sierra Madre clade (Fig. 8). ML and BI analyses of combined data showed strong support for a
sister relationship between 2n = 78 populations from Pátzcuaro, Michoacán and La Flor de
Jimilco, Coahuila (ML bootstrap = 95; BI posterior probability = 1.00). Although the MP
analysis showed only weak support for this relationship (bootstrap = 62), these taxa are depicted
as sister taxa in Figure 8 because of all-around strong support for this relationship in the
mtDNA analysis (Fig. 6).
In addition to the unresolved trichotomy at the base of T. umbrinus (Fig. 8), the only
other unresolved relationship in Figure 8 is that between coastal populations from Acaponeta
and Navarrete, Nayarit. Animals from these localities were shown as sister taxa with strong
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Figure 6. mtDNA tree, relationships among Mexican specimens of Thomomys based on
MP, ML, and BI analyses of mtDNA sequences from the Cytb and 12S genes. Current
subspecies designations are shown. Nodal support is indicated by MP and ML bootstrap
values above the branches and BI posterior probability values below the branches. Only
nodes receiving ≥ 70% bootstrap support in MP and ML analyses and ≥ 90% posterior
probability in the BI analysis are shown. Numbers before locality names refer to
numbers on map (Fig. 5). Shaded box encloses T. umbrinus populations from the
Pacific coast of Mexico. Outgroup (Orthogeomys hispidus) not shown.
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Figure 7. Relationships among Mexican specimens of Thomomys based on MP,
ML, and BI analyses of nuclear DNA sequences from the Rag1, Bfib, and MGF
genes. Nodal support is indicated by MP and ML bootstrap values above the
branches and BI posterior probability values below the branches. Only branches
receiving ≥ 70% bootstrap support in MP and ML analyses and ≥ 90% posterior
probability in the BI analysis are shown. Numbers before locality names refer to
numbers on map (Fig. 5). Shaded box encloses T. umbrinus populations from
the Pacific coast of Mexico. Outgroup (Orthogeomys hispidus) not shown.
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Figure 8. Relationships among Mexican specimens of Thomomys based on
MP, ML, and BI analyses of the combined mtDNA and nuclear sequence
data generated in this study. Current subspecies designations are shown.
Nodal support is indicated by MP and ML bootstrap values above the
branches and BI posterior probability values below the branches. With the
exception of the two nodes marked with asterisks, only nodes receiving ≥
70% bootstrap support in MP and ML analyses and ≥ 90% posterior
probability in the BI analysis are shown. Numbers before locality names
refer to numbers on map (Fig. 5). Shaded box encloses T. umbrinus
populations from the Pacific coast of Mexico. Outgroup (Orthogeomys
hispidus) not shown.
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support in the analysis of mtDNA (Fig. 6), but their sister status received very low support in
MP and ML analyses of combined sequence data (bootstrap values ≤ 51).
To determine the most probable taxonomic position of the Pacific coast group within T.
umbrinus, I did ML analyses of constrained trees, each depicting one of three possible pairwise
relationships among Sierra Madre, Central Plateau, and Pacific Coast groups of T. umbrinus.
Although the tree showing a sister relationship between Pacific Coast and Central Plateau
groups had the highest likelihood score, the other two trees were not significantly different from
the best tree based on the Kishino-Hasegawa test (P > 0.27 for the tree with Central Plateau and
Sierra Madre as sister groups; P > 0.23 for the tree with Pacific Coast and Sierra Madre as
sisters).
MORPHOMETRIC ANALYSIS.— Two characters (cranial width and zygomatic breadth)
were non-normally distributed after log transformation and were therefore excluded from
further analyses. The first component in the principal components analysis of the remaining
eleven cranial characters explained 66% of the overall variation (Table 2), but examination of
character loadings on this axis showed that it was heavily influenced by overall body size of
individuals. Accordingly, the second and third components, which together explained just over
17% of overall variation, were considered to reflect shape differences among individuals
examined. The second principal component was influenced primarily by length of the maxillary
tooth row and width of the interorbital constriction, and the third principal component was
influenced primarily by rostral width, width of the auditory meatus, and length of the maxillary
tooth row. A plot of the second and third principal components (Fig. 9) showed modest shape
differences between the Pacific Coast group of T. umbrinus and the other Thomomys groups, but
overlap among the clades was considerable.
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Figure 9. Second and third principal components in the analysis of
cranial characters in Mexican specimens of Thomomys. Together,
these two axes explained 17.25% of variation in the cranial characters.
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Table 2.— Morphological character loadings from PCA. Character loadings and percentage
of variance explained by the first four components in the principal components analysis of
cranial characters in Thomomys. Character acronyms are indicated in Materials and
Methods.
Component
1

2

3

66.4

10.25

6.99

ONL, OIL
MB, BM,
ML, DIA

IOC,MTR

RW, AMW,
MTR

NL, RW,
AMW

ONL

0.3431

0.0021

-0.2124

0.2435

OIL

0.3597

-0.0725

-0.1152

-0.0283

NL

0.2989

-0.2008

-0.1477

0.5767

RW

0.2542

0.2960

0.3663

0.3587

IOC

0.1207

0.7941

0.2712

0.0730

MB

0.3338

-0.0508

0.1562

-0.2352

AMW

0.2941

-0.1310

0.3993

-0.4786

DIA

0.3344

-0.2238

0.0655

0.1929

MTR

0.2198

0.3963

-0.7140

-0.2611

BM

0.3283

-0.0856

0.0824

-0.1524

ML

0.3438

-0.0417

-0.0844

-0.2397

Percent variance explained:
Characters loading most
heavily on this component:
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Figure 10. The first two canonical axes in the discriminant function
analysis of cranial characters in Mexican pocket gophers of the genus
Thomomys.
The discriminant function analysis revealed that the eleven cranial characters examined
in this study are useful for discriminating among pocket gopher groups in this region of Mexico.
A plot of the first two canonical axes from this analysis (Fig. 10) showed a moderate degree of
separation of the four predefined groups, with almost no overlap between T. bottae and T.
umbrinus on canonical axis 1. Specimens of T. umbrinus from the Sierra Madre and Central
Plateau showed a small amount of overlap on canonical axis 1, and animals from the Pacific
Coast group showed little overlap with other individuals of T. umbrinus on canonical axis 2.
Posterior probability of correct assignment to the predefined groups was 89% overall, 92% for
the Pacific Coast group, 90% for the Sierra Madre group of T. umbrinus (2n = 76), 90% for the
Central Plateau group of T. umbrinus (2n = 78), and 86% for T. bottae.
Significant overall differences among the four groups (T. bottae and the three clades of
T. umbrinus) were evident in the morphological analysis (MANOVA; Wilks γ = 0.36; P <
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0.0001). Ten of the eleven cranial characters examined by a post hoc Tukey’s Honestly
Significant Differences (HSD) test showed significant differences among the groups (Table 3).
MODELING OF CLIMATIC ENVELOPES.— A discriminant function analysis found a
significantly different environmental space for each of the four predefined groups (T. bottae,
Pacific coast T. umbrinus, T. umbrinus (2n = 76), and T. umbrinus (2n = 78); Wilks P > 0.001;
Fig. 11). The first two discriminant function axes together explained 94% of overall variation
in the climatic variables. Most separation along the first canonical axis distinguished the
climatic envelope of T. bottae from those of the three T. umbrinus clades. The second canonical
axis showed additional separation of three T. umbrinus clades. All individuals were assigned
correctly to the predefined groups based on environmental variables alone.

Table 3. Results of Tukey’s HSD test (JMP Version 7, Tukey 1991) for all pairwise
comparisons of Thomomys taxa in the analysis of cranial characters. All Tukey’s tests were
significant at the 95% confidence level. Character acronyms are indicated in Materials and
Methods.
Taxon pair

Cranial characters

T. umbrinus (Pacific coast) – T. umbrinus (2n = 76)

NL, MTR

T. umbrinus (Pacific coast) – T. umbrinus (2n = 78)

ONL, OIL, IOC, MTR, ML

T. umbrinus (2n = 76) – T. umbrinus (2n = 78)

ONL, OIL, NL, DIA, MB, MTR, ML

T. umbrinus (Pacific coast) – T. bottae

OIL, NL, RW, IOC, MB, DIA, BM

T. umbrinus (2n = 76) – T. bottae

ONL, RW, MB, BM

T. umbrinus (2n = 78) – T. bottae

ONL, OIL, RW, NL, MB, DIA, MTR,
ML, BM
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Because the three clades do not overlap geographically (Fig. 3), it was not surprising
that they showed little environmental overlap as well (Table 4; Fig. 11). The distribution of
Sierra Madre and Central Plateau populations of T. umbrinus seems to be influenced primarily
by precipitation of the wettest quarter of the year and the isothermality of the habitat type. In
contrast, the distribution of T. umbrinus populations of the Pacific coast of Mexico appear to be
influenced by precipitation of the driest quarter of the year and precipitation during the coldest
quarter, conditions that may serve to maintain the thorn shrub habitat these populations inhabit
(equivalent to the “Sinaloan dry forest ecoregion” of Olson et al. 2001). Finally, the distribution
of T. bottae, which for this study was sampled only from coastal lowland habitats, appears to be
influenced primarily by mean temperature of the warmest quarter of the year and mean
temperature during the coldest quarter.

Figure 11. The first two canonical axes in the discriminant function
analysis of 19 habitat variables in Mexican pocket gophers of the
genus Thomomys.
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Table 4.— Results from BIOCLIM, DFA. Percentage of variance explained and character
loadings for the first two canonical axes in a discriminant function analysis of 19 climatic
variables for known collection localities of Thomomys in Mexico.
Component

Percent variance explained:

1

2

58.25

35.41

Variables loading most
heavily on this component:

Mean Annual Temperature
Annual Precipitation
Precipitation Wettest Quarter
Isothermality
Max Temp Warmest Month
Mean Temp Wettest Quarter

Annual Temperature Range
Max Temp Warmest Month
Mean Diurnal Temperature
Precipitation Wettest Quarter
Precipitation Seasonality
Annual Precipitation
Mean Temp Coldest Quarter
Annual Mean Temperature

Mean Annual Temperature
Mean Diurnal Temperature
Isothermality
Temperature Seasonality
Max Temp Warmest Month
Annual Temperature Range
Mean Temp Wettest Quarter
Mean Temp Driest Quarter
Mean Temp Warmest Quarter
Mean Temp Coldest Quarter
Annual Precipitation
Precipitation Wettest Month
Precipitation Driest Month
Precipitation Seasonality
Precipitation Wettest Quarter
Precipitation Driest Quarter
Percipitation Warmest Quarter
Percipitation of Coldest Quarter

-137.260
49.690
-129.520
-47.324
-131.263
64.955
129.640
-6.346
22.099
75.272
-130.988
-19.543
4.168
-54.598
139.004
-2.338
4.641
14.139

-441.801
136.466
-90.294
86.199
246.274
-240.239
-7.830
7.546
66.026
198.124
270.833
37.832
0.195
105.291
-279.933
-15.700
0.412
-8.174
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DISCUSSION
SPECIES STATUS OF PACIFIC COAST T. UMBRINUS.—Hafner et al. (1987) reported large
chromosomal and genetic differences among populations of T. umbrinus and speculated that T.
umbrinus is actually a composite of at least three biological species, one with a diploid number
of 78 (Northern Desert and Central Plateau groups in Fig. 3), another with a diploid number of
76 (Northern Sierra Madre and Southern Sierra Madre groups), and a Pacific coastal group
(Coastal Lowlands), also with a diploid number of 76 (Fig. 3). Extrapolating from previous
studies of genetic interactions at pocket gopher contact zones, Hafner et al. (1987) argued that
diploid number differences in T. umbrinus (2n = 76 versus 2n = 78) likely would result in
meiotic imbalances in hybrid individuals. Several fixed allelic differences between pocket
gophers with 2n = 76 and 2n = 78 in the Hafner et al. (1987) dataset are consistent with absence
of gene flow. Analysis of patterns of allele sharing between the two groups with 2n = 76 also
suggests absence of gene flow. For example, there are three fixed allelic differences (among 19
loci surveyed) between Sierra Madre 2n = 76 and Pacific coast 2n = 76 populations (populations
25 and 26 in Hafner et al. 1987). These populations are located only 75 km apart and are
connected by presumed suitable pocket gopher habitat along the Río Presidio and its headwaters
in Sinaloa and western Durango. Although Pacific coast and Sierra Madre animals have not
been found in contact, it is likely that they meet along the Río Presidio or one of the other
numerous rivers that transect the Sierra Madre (Fig. 12). If so, then the genetic evidence
suggests strongly that they do not interbreed where they meet.
The large Cytb divergence values measured within T. umbrinus in this study (as high as
15.4%; Appendix IV) exceed all intraspecific Cytb divergence values reported for 36 species of
mammals by Baker and Bradley (2006:650) and thus are consistent with the contention of
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multiple species within T. umbrinus. Although it is well established that degree of genetic
divergence often is decoupled from species status in pocket gophers (Hafner et al. 1983; Hafner
et al. 1987; Patton 1981; Patton and Yang 1977), it is noteworthy that the within-T. umbrinus
Cytb values measured in this study also exceed most interspecific and even some intergeneric
values reported in the Baker and Bradley (2006) study.
Although samples of T. umbrinus from the northern desert, central plateau, and Sierra
Madre Occidental were too few to address the species status of these populations in this
analysis, samples of T. umbrinus from the Pacific coast of Mexico (the focus of this study) were
sufficient to draw well supported conclusions about the species status of pocket gophers from
this region.
In all analyses of mtDNA sequence data (Fig. 6) and in all analyses of the combined
mtDNA and nuclear DNA sequence data (Fig. 8) populations of T. umbrinus from the Pacific
coast of Mexico formed a strongly supported clade distinct from all other T. umbrinus
populations sampled. Separate analyses of nuclear DNA data also supported monophyly of the
Pacific coast clade, but with exclusion of the population from Concordia, Sinaloa (Fig. 7). No
other lines of evidence, including chromosomes and morphology, supported exclusion of the
Concordia population from the Pacific coast clade, suggesting that the nuclear DNA results
simply reflect generally poor resolving power of the nuclear DNA dataset (Fig. 7).
Chromosomal data analyzed in this study generally supported monophyly of the Pacific
Coast clade, including the specimen from Concordia, Sinaloa (Locality 7 in Fig. 5). Although
examination of additional karyotypes is needed to confirm diploid and fundamental numbers for
all Pacific Coast specimens, data thus far suggest that all share the 2n = 76 diploid number with
several pairs of acrocentric autosomes.
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Figure 12. Elevational profiles of five major river canyons that
may link Pacific coast populations of T. umbrinus with
populations of the Sierra Madre clade of T. umbrinus (Fig. 3).
Shallower profiles, such as D and E, are characteristic of wider,
slower moving rivers. River names (west to east) are: A) Río
Acoponeta, Río San Diego, and Río Galindo; B) Río Presidio;
C) Río Septentríon; D) Río Humaya, Río Las Vueltas, and Río
Los Lobos; E) Río Fuerte, Río San Miguel, and Río Verde.
Pacific coast T. umbrinus are known from elevations ranging
from 10 m to 2,400 m.
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Specimens of T. umbrinus from the Pacific coast of Mexico also are morphologically
divergent from all other T. umbrinus in Mexico. Morphometric analysis of eleven cranial
characters showed clear, but not complete, separation between Pacific coast and other T.
umbrinus individuals (Figs. 9 and 10), and discriminant function analysis showed 98% correct a
posteriori assignment of Pacific coast individuals to their predefined clade.
Fur of Pacific coast specimens of T. umbrinus generally is shorter and sparser than that
of other T. umbrinus taxa, especially on the venter. Rather than being light to medium brown
dorsally (typical of T. umbrinus in Mexico), T. umbrinus specimens from the Pacific coast often
are dark chocolate brown to dull gray-black dorsally, and they occasionally have a wash of
lighter brown or gray laterally. Whereas most specimens of T. umbrinus in Mexico have a clear
lateral line separating their brown dorsum from their white or off-white venter, the venter of T.
umbrinus specimens from the Pacific coast is usually similar in color to the dorsum rendering
little or no evidence of a lateral line. The dark patch behind the ear (characteristic of T.
umbrinus elsewhere in Mexico) usually is not visible in Pacific coast T. umbrinus because of
their generally dark dorsal pelage. Geographic variation within T. umbrinus of the Pacific coast
shows a clear clinal pattern with elevation—animals at higher elevations (up to 2,400 m) in
northern and eastern Sinaloa and western Jalisco are somewhat browner and more densely
haired than blacker and more sparsely haired animals at lower elevations (to 100 m) in
southwestern Sinaloa and coastal Nayarit.
The analysis of climatic envelopes showed significant habitat differences between
Pacific coast T. umbrinus and other T. umbrinus in Mexico (Fig. 11). The restriction of Pacific
coast animals to areas of dry, thornscrub vegetation, rather than pine-oak woodlands
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(characteristic of T. umbrinus of the Sierra Madre) or open, sparsely vegetated fields
(characteristic of T. umbrinus of the central plateau) is readily observed in the field.
Elevation of Pacific coast populations of T. umbrinus to full species status would require
resurrection of the name T. atrovarius Allen 1898 (the “black-and-brown pocket gopher”),
which was described originally from the vicinity of Rosario in southern Sinaloa. Although
further analyses are needed to clarify scope and content of T. atrovarius, this taxon likely would
include the current subspecies eximius, musculus, extimus, and parviceps from the Pacific coast
of Mexico as junior synonyms.
RELATIONSHIP OF PACIFIC COAST T. UMBRINUS TO OTHER T. UMBRINUS CLADES.—
Resolution of internal nodes in the phylogenies of rapidly radiating groups, such as the
Geomyidae (Spradling et al. 2004), poses a challenge to current analytical methods. The
phylogenetic analyses of mtDNA and nuclear DNA in this study provided little resolution to the
question of relationships of the Pacific coast clade within T. umbrinus. The MP analysis of
mtDNA sequences showed a very weak sister relationship between the Pacific coast and Central
Plateau clades (bootstrap = 53; tree not shown). Measures of overall genetic similarity (Rogers’
S values; Rogers 1972) in Hafner et al. (1987) are consistent with the Pacific coast-Central
Plateau sister relationship, but measures of genetic similarity and distance are notoriously
suspect because calculation of these values includes plesiomorphic and autapomorphic alleles
that carry little or no phylogenetic signal. The single population of Pacific coast T. umbrinus
analyzed by Hafner et al. (1987) shared 77.4% of its alleles with the Central Plateau population
from Pátzcuaro, Michoacán (located ca. 700 km distant) but only 74.5% of its alleles with the
Sierra Madre population at La Ciudad, Durango located only 75 km away.
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Pocket gophers of the Pacific Coast and Sierra Madre groups share the 2n = 76 diploid
number to the exclusion of animals from the Central Plateau group (2n = 78). However, a
diploid number of 76 is almost certainly primitive within all of Thomomys (Patton 1981; Hafner
et al. 1983), meaning that possession of this diploid number by different clades of pocket
gophers is of dubious taxonomic value. For example, T. bottae also has the primitive 2n = 76
diploid number throughout most of its large geographic range.
Hafner et al. (1987) and Smith (1998) disagreed on phylogenetic position of the coastal
T. umbrinus clade (Fig. 4), but they agreed that this 2n = 76 clade was not sister to the 2n = 76
T. umbrinus clade of the Sierra Madre Occidental. New molecular evidence emerging since
completion of this study (M. S. Hafner, pers. comm.) suggests that the Pacific Coast clade is, in
fact, sister to the Sierra Madre clade. If verified in subsequent work, this new evidence will
falsify both phylogenetic hypotheses presented in Figure 4.
BIOGEOGRAPHY OF PACIFIC COAST T. UMBRINUS.—In a series of papers, Riddle and
Hafner (1999; 2006), Hafner and Riddle (2005), and Riddle (2006) provided a comprehensive
overview of the general historical patterns and processes that contributed to present day
distributions of vertebrate animals in northern Mexico. To approach their study from an
evolutionary perspective, these authors divided species into geographically distinct evolutionary
lineages (“evolutionarily significant units” [ESUs]; Mortiz et al. 1995) that were defined
through analysis of molecular data. Because Riddle and Hafner relied on mtDNA sequence
data, their ESUs were operationally equivalent to the “phylogroups” of Avise (2000). They
next compared distributions of ESUs for multiple vertebrate species to identify areas of
geographic congruence, and relationships among these areas were analyzed using Brooks
Parsimony Analysis (Brooks et al. 2001; Riddle and Hafner 2006). This approach identified
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areas of endemism in Mexican deserts that were shared by several vertebrate taxa, presumably
as a result of similar responses to a shared history of vicariant events. Although Riddle and
Hafner (1999; 2006), Hafner and Riddle (2005), and Riddle (2006) did not study pocket gophers
directly, vicariant events they identified that influenced geographic structuring of multiple other
species in regions inhabited by pocket gophers undoubtedly influenced the geographic
structuring of pocket gophers as well (Hafner et al. 2006).
Current geographic range of T. umbrinus along the Pacific coast is bordered by the
Sonoran Desert to the north, the Sierra Madre Occidental to the east, and the Sea of Cortez to
the west. Emergence of the Sierra Madre Occidental in the early Tertiary (Ortega-Gutierrez and
Guerrero-Garcia 1982) far predates the geomyid phyletic radiation (ca. 5 mya; Spradling et al.
2004) indicating that geophysical structure of coastal western Mexico today is much the same as
it was during the early evolution of T. umbrinus. Interglacial cycles of the Pleistocene played a
major role in structuring the biological communities of coastal western Mexico (Hafner and
Riddle 2005). Freeze intolerant or frost sensitive desert plants that moved northward along the
coast during warm periods were repeatedly pushed into southern refugia in present day Nayarit
and Michoacán (Betancourt et al. 1990). During Pleistocene glacial maxima, extension of moist
habitat around rivers created filter barriers to southward dispersal of xeric adapted taxa (Hafner
and Riddle 2005). For example, Rio Fuerte in northern Sinaloa (the northern limit of T.
umbrinus along the Pacific coast) has been identified as a filter barrier, and may have played an
important role in the evolution of distinctive flora and fauna of western coastal lowlands
(Hafner and Riddle 2005). Today, biological communities along the Pacific coast of Mexico
are a unique mixture of species from both the tropical dry forests of the south and the xeric
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Sonoran Desert to the north. Arid adapted species reach their southernmost distribution and
frost sensitive tropical species reach their northernmost distribution in this region.
In Riddle and Hafner’s studies (1999; 2006), animals of coastal lowlands of Sinaloa and
Nayarit were found to represent distinct geographic lineages with southerly and tropical
affinities. The BIOCLIM model showing predicted distributions of Thomomys taxa in Mexico
based on climate variables (Fig. 13) also suggested southerly affinities for Pacific coastal T.
umbrinus, whose distribution is linked closely with that of the Sinaloan Dry Forest Ecoregion
defined by Olson et al. (2001; Fig. 14). The primary habitat occupied by T. umbrinus of the
Pacific coast—almost exclusively thornscrub forests—is markedly different from habitats
occupied by all other species of Thomomys. Similar habitat preferences are seen only in other
pocket gopher species with southern and tropical affinities, including Pappogeomys gymnurus
of Jalisco, Nayarit, and Colima, Orthogeomys grandis of the Pacific coast of southern Mexico,
and O. cherriei and O. underwoodi of the Pacific coast of Costa Rica and western Panama.
Russell (1968) hypothesized that modern geomyid genera originated in southern
Mexico, and the Trans-Mexican Volcanic Belt of southern Mexico remains the center of
geomyid diversity today (12 species representing five of the six extant genera; Hafner et al.
2005). If we assume a southern origin for Thomomys, then it is likely that pocket gophers
entered the Pacific coast plains from the south, passing through the gap separating the southern
end of the Sierra Madre Occidental from the northern end of the Sierra Madre del Sur (Fig. 15).
At approximately the same time, the ancestor of the Sierra Madre group spread northward onto
the eastern flanks and tablelands of the Sierra Madre Occidental, and the ancestor of the Central
Plateau group spread northward along the western edge of the Mexican Altiplano. As the
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Figure 13. BIOCLIM models predicting the geographic ranges of Thomomys
taxa in Mexico based on environmental variables at known collection localities.
Blue, T. umbrinus (2n = 76); green, T. umbrinus (2n = 78); yellow, Pacific
Coast group; red, T. bottae. Within each color, darker areas represent excellent
climatic conditions for that taxon and lighter areas represent moderately suitable
climates.
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Figure 14. Distribution of the Sinaloan Dry Forest Ecoregion of Olsen
et al. (2001). Pocket gophers of the Pacific Coast clade of T. umbrinus
investigated in this study seem to be restricted to this ecoregion. Figure
modified from Olsen et al. (2001).
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Figure 15. Hypothetical biogeographic scenario for T. umbrinus based on the
assumption that the genus Thomomys originated in southern Mexico and spread
northward. Today, the three major groups of T. umbrinus occur in parallel bands
of habitat that are very different ecologically.
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groups spread northward, they encountered very different habitats—and it is these habitats that
separate the groups today: the Pacific coast group is restricted to dry thornscrub forests along
the western versant of the Sierra Madre Occidental, the Sierra Madre group is found exclusively
in pine-oak woodlands at moderate to high elevations in the Sierra Madre Occidental, and the
Central Plateau group is restricted to the mid-elevation deserts of the Mexican Altiplano.
Based on analyses of mitochondrial and nuclear DNA sequences, cranial morphology,
nonpreferentially stained karyotypes, and habitat characteristics, pocket gophers from the
Pacific coast of Mexico currently recognized as Thomomys umbrinus appear to be a
monophyletic unit that is diagnosable from all other clades of Thomomys. Absence of
detectable gene flow between coastal and Sierra Madre populations of T. umbrinus located <
100 km apart suggests existence of some form of reproductive incompatibility between the two
forms. If analyses of additional specimens from throughout the Pacific coast region are
consistent with the findings of this study, the Pacific coast form of T. umbrinus will be elevated
to species status under the nomen T. atrovarius (Allen 1898). The level of genetic divergence
between T. atrovarius and T. umbrinus (13% divergent from the Sierra Madre clade of T.
umbrinus, and 15% divergent from the Central Plateau clade) is similar to that measured
between T. bottae and T. umbrinus and suggests a relatively long period of isolation of T.
atrovarius along the Pacific coast of western Mexico. Results of this analysis cannot identify
conclusively the sister taxon to T. atrovarius, but evidence that has emerged subsequent to this
study suggests that T. atrovarius is sister to T. umbrinus of the Sierra Madre Occidental which,
itself, may be specifically distinct from all other pocket gophers formerly recognized as T.
umbrinus (M. S. Hafner, pers. comm.).
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APPENDIX I. LIST OF SPECIMENS EXAMINED
Specimens of T. umbrinus and T. bottae new to this study are housed in the
mammal collection of Louisiana State University Museum of Natural Science (LSUMZ) or
the Museum of Natural History, University of Kansas (KU). Specimens used in the
molecular analyses are designated “[M]”, those used in the morphometric analyses “[m]”,
those used in the chromosomal analyses “[k]”, and those used in the ecological niche
modeling analysis are designated “[e]”. Locality numbers (in parentheses) are indicated in
Fig 5.
T. bottae: SONORA: (1) 4 km NE Hermosillo (LSUMZ 36624, 36625 [M], [m], [k], [e]); (2)
Rio Mayo at Navajoa (LSUMZ 36627 [M], [k], [e]). SINALOA: (3) 4 km SW El Fuerte
(LSUMZ 36630 [M], [k], [e]); (4) 13 km E El Dorado (LSUMZ 36633 [M], [k], [e]). NEW
MEXICO: United States, 23 mi. S, 6 mi. W Magdalena (LSUMZ 35244, 35245, 35246 [m],
[e]); 23 mi. S, 6 mi. W Magdalena (LSUMZ 35244 [m], [e]); 27 mi. S, 2 mi. W Magdalena
(LSUMZ 35247, 35248 [m], [e]); 2 mi. N, 0.5 mi. E Polvadera (LSUMZ 35980, 35977 [m],
[e]); 2 mi. N, 1 mi. E Polvadera (LSUMZ 33393, 33398 [m], [e]).
T. umbrinus: SINALOA: (7) 7 km SE Concordia (LSUMZ 36634, 36635 [M], [k], [e]). 5 km
SW Palmita (KU 95031, 95032 [m]); 3.5 km NE San Lorenzo (KU 97138 [m]); 7 mi. ENE
Plomosas (KU 97145 [m]); 8 mi. SE San Ignacio (KU 105621, 105622 [m]); 3 mi. SE Copala
(KU 105629 [m]); 15 mi. NW Elota (KU 98922 [m]); 1 mi. SE Camino Real (KU 85105,
850147 [m]); 5 mi. NW Mazatlan (KU 111708 [m]). NAYARIT: (8) 10 km E Acoponeta
(LSUMZ 36636 [M], [k], [e]); (9) Navarrete (LSUMZ 36637 [M], [k], [e]); (12) 3 km S, 5 km
W Las Varas (LSUMZ 36638 [M], [k], [e]); (13) 2 km S La Cucaracha (LSUMZ 36640 [M],
[k], [e]); (11) 2 km N, 13 km E Ixtlan del Rio (LSUMZ 36639X [M], [k], [e]); 6 mi. E El
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Colomo (KU 111690 [m]); Navarrete (KU 105629 [m]). JALISCO: (10) 6 km N, 12 km W
Bolaños (LSUMZ 36711 [M], [k], [e]); 2 mi. ESE Plan de Barrancas (KU 105651 [m]);
Tuxpan de Bolaños (KU 105629 [m]). COAHUILA: (6) 15 km NW La Flora de Jimilco
(LSUMZ 36602 [M], [k], [e], 36590, 36591 [m], [e]). MICHOACAN: (5) 6.5 km S Patzcuaro
(LSUMZ 34359 [M], [k], [e]). CHIHUAHUA: (14) El Vergel (MVZ 150584 [M], [e]); 9 km N
Santo Tomas (LSUMZ 36694 [m], [e]); 5 km SE Creel (LSUMZ 36696, 36697 [m], [e]); La
Laja, 10 km SE Samachique (LSUMZ 36699, 36700 [m], [e]); 5.5 km S, 5.5 km E Colonia
Garci (MSH 1807, 1809, 1804, 1818 [m], [e]); 11 km S, 3 km E Colonia Garcia (MSH 1797
[m], [e]); 6 km E Colonia Garcia (MSH 1800 [m]); 3.5 km S, 5.5 km E Colonia Garcia (MSH
1803 [m]); 4 km S, 1 km E Garcia (MSH 1794 [m]); 3.5 km S, 4.5 km E, Colonia Garcia
(MSH 1802 [m]); Rio Belleza 20 km N 17 km E El Vergel (MSH 1819 [m]). DURANGO: (15)
12 km E El Salto (LSUMZ 34355 [M], [k], [e]); 1 km SE El Ojito (LSUMZ 36701, 36702 [m],
[e]); 13 km S, 15 km E El Ojito (LSUMZ 36703 [m]); 10 km N, 20 km W Ocampo (LSUMZ
36706, 36707, 36708 [m], [e]). SAN LUIS POTOSI: 7 km NW Palma (LSUMZ 4191, 4196
[m], [e]); Ventura (LSUMZ 5034 [m], [e]); 1 km S Arenal (LSUMZ 5045, 5051, 5052 [m],
[e]); 3 km SW San Isidro (LSUMZ 5050, 5062, 5063, 5064, 5067 [m], [e]); 6 km S San Isidro
(LSUMZ 5054, 5055, 5056, 5057 [m], [e]); 1 km S Arriaga (LSUMZ 5081 [m], [e]).
MEXICO: 34 rd km E Zitacuaro (LSUMZ 25103, 25101 [m], [e]); 6 km N Pico de Volcan La
Malinche (LSUMZ 36373 [m], [e]); 23 km N Valle de Bravo (LSUMZ 36128 [m], [e]).
ZACATECAS: 7 km S, 8 km E Jiménez de Teul (LSUMZ 36714 [m], [e]).
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APPENDIX II. LIST OF PRIMERS USED
Primers used to sequence two mitochondrial and three nuclear genes in pocket gophers of the genus Thomomys. F = forward primers,
R = reverse primers. Primer name or number is in parentheses before primer sequence, and primer-specific annealing temperatures are listed
for each primer.

Gene

Cytb

Sequence

Annealing

length (bp)

temperature

1,140

54ºC

Primer sequence

Internal primer sequence

F: (1F) ATGAMAATTATACGYAAGTC

F: (748) YTRGGRGAYCCNGAYAAYTA

R: (H15915) AACTGCAGTCATCTCCG-

R: (845) CGTARRATRGCRTARGCAAATA

GTTTACAAG

F: (L15171) CCATGAGGACAAATATCATTCTGAG

12S

412

45ºC

F: (12SAL) AAACTGGGATTAGATACCCCACTAT
R: (12Sb) GAGGGTGACCGGCGGTGTGT

Rag1

552

42ºC

F: (S70) TCCGAGTGGAAATTTAAGMTGTT
R: (S105) CTCCACRGGGTCAGCCAGAAT

βFib

521

51ºC

F: (B17L) TCCCCAGTAGTATCTGCCATTAGGGTT
R: (R2) GTGGTAGTGCAGTCAAACTCAGGCC

MGF

751

50ºC

F: (MGFA) ATCCATTGATGCCTTCAAGG
R: (MGFB) CTGTCATTCCTAAGGCAGCT
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APPENDIX III. UNCORRECTED CYTB GENETIC DISTANCES
Uncorrected Cytb genetic distances (P; below diagonal) and corrected distances (Kimura 2-parameter model; Kimura 1980; above
diagonal) for 15 specimens of Thomomys examined in this study. Localities are mapped in Figure 5.
Locality
T. bottae

1

1 Hermosillo

2

3

4

5

6

7

8

9

10

11

12

13

14

15

0.019

0.130

0.095

0.175

0.161

0.164

0.186

0.183

0.177

0.180

0.177

0.175

0.172

0.165

0.142

0.103

0.181

0.170

0.175

0.193

0.191

0.180

0.185

0.179

0.177

0.175

0.173

0.077

0.179

0.188

0.172

0.184

0.191

0.181

0.174

0.176

0.173

0.175

0.165

0.187

0.188

0.188

0.175

0.178

0.169

0.175

0.172

0.169

0.175

0.166

0.156

0.175

0.166

0.160

0.163

0.167

0.155

0.156

0.172

0.173

0.181

0.175

0.183

0.185

0.180

0.171

0.169

0.186

0.187

0.121

0.125

0.117

0.115

0.115

0.115

0.149

0.151

0.042

0.065

0.064

0.058

0.061

0.149

0.149

0.058

0.062

0.057

0.057

0.149

0.154

0.029

0.036

0.038

0.153

0.154

0.035

0.037

0.156

0.154

0.004

0.143

0.141

0.141

0.141

2 Río Mayo

0.019

3 El Fuerte

0.118

0.127

4 El Dorado

0.088

0.095

0.072

T. umbrinus (TMVB and Central Plateau; 2n = 78)
5 Pátzcuaro

0.153

0.157

0.157

0.162

6 La Flor de Jimilco

0.142

0.149

0.162

0.162

0.138

T. umbrinus (Pacific coast; 2n = 76)
7 Concordia

0.145

0.153

0.151

0.162

0.152

0.157

8 Acaponeta

0.161

0.166

0.160

0.153

0.147

0.153

0.109

9 Navarrete

0.159

0.165

0.165

0.153

0.141

0.158

0.113

0.040

10 Los Bolaños

0.154

0.157

0.158

0.148

0.144

0.160

0.106

0.062

0.055

11 Ixtlán del Río

0.157

0.160

0.152

0.153

0.147

0.156

0.107

0.061

0.058

0.028

12 Las Varas

0.154

0.156

0.154

0.151

0.138

0.150

0.104

0.056

0.055

0.035

0.033

13 La Cucaracha

0.153

0.154

0.152

0.148

0.139

0.148

0.104

0.058

0.055

0.036

0.036 00.004

T. umbrinus (Sierra Madre; 2n = 76)
14 Valle Moctezuma

0.150

0.152

0.153

0.152

0.151

0.160

0.132

0.132

0.132

0.135

0.138

0.123

0.126

15 El Salto

0.144

0.150

0.145

0.146

0.151

0.161

0.133

0.132

0.136

0.136

0.136

0.126

0.126
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0.064
0.060

APPENDIX IV. MEAN UNCORRECTED CYTB AND 12S PATRISTIC DISTANCES (P)
Mean uncorrected Cytb and 12S patristic distances (P) within and between populations of T. umbrinus from the Mexican
Pacific coast (localities 7–13 in Fig. 5), T. umbrinus from the Sierra Madre Occidental (2n = 76; localities 14 and 15), T. umbrinus
from the TMVB and Central Plateau (2n = 78; localities 5 and 6), and T. bottae (localities 1–4). Means are followed by ranges in
parentheses.
T. umbrinus
Pacific coast
Cytb
T. umbrinus
Pacific coast

T. umbrinus
(2n = 76)

T. umbrinus
(2n = 78)

T. bottae

0.063 (0.004–0.113)

T. umbrinus
(2n = 76)

0.132 (0.123–0.138)

T. umbrinus
(2n = 78)

0.149 (0.138–0.158)

0.156 (0.151–0.161)

T. bottae

0.155 (0.145–0.166)

0.149 (0.144–0.153)

0.060
0.138
0.156 (0.142–0.162)

0.086 (0.019–0.127)

12S
T. umbrinus
Pacific coast

0.023 (0.001–0.041)

T. umbrinus
(2n = 76)

0.042 (0.037–0.049)

T. umbrinus
(2n = 78)

0.051 (0.037–0.062)

0.044 (0.021–0.059)

T. bottae

0.048 (0.039–0.062)

0.042 (0.038–0.044)

0.021
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0.052
0.055 (0.044–0.064)

0.020 (0.002–0.033)

VITA
Amber Rose Gates was born on April 26, 1983 in Barstow, California. She graduated
from Silver Valley High School in 2001. She earned a Bachelors of Arts in biology from the
Unversity of Chicago in May 2005. In the summer of 2006 she worked as a research assistant for
a Lousisana State University professor by the name of Richard Stevens. She joined the lab of
Mark Hafner in the fall of 2006. Amber will be reciving her Masters of Science Degree in
August 2009.

52

